While evidence has supported a strong association between sleep duration and obesity globally, results from studies of children and adolescents have been conflicting, and information about a sex-specific association has been limited. This study aimed to investigate the association of sleep duration with various parameters of obesity among South Korean adolescents. This population-based, cross-sectional study analysed the data obtained from the Korea National Health and Nutrition Examination Surveys (KNHANES) 2009 and 2010. Data of 990 adolescents were analysed. Sleep duration was based on a self-reported questionnaire. Body mass index (BMI), waist circumference (WC), waistto-height ratio (WHtR), body fat percentage (BFP) and skeletal muscle index (SMI, appendicular skeletal muscle mass as a percentage of body weight) were assessed as parameters of obesity. Mean sleep duration in boys was associated inversely with BMI, WC, WHtR and BFP and positively with SMI. Proportions of the highest quartile of BMI, WC, WHtR and BFP and the lowest quartile of SMI increased significantly with increased sleep duration only in boys. Also, in boys, decreased sleep duration was associated significantly with the increased risk of the highest quartile of BMI, WC, WHtR and BFP and the lowest quartile of SMI, even after adjusting for confounding factors. However, in girls, there was no significant association between sleep duration and obesity parameters except WC. Periodic assessment of sleep duration in relation to body fat or muscle mass in male adolescents may be considered, especially in those who are at risk for obesity or related disorders.
IN TROD UCTI ON
The prevalence and severity of obesity in children and adolescents have increased worldwide during the last several decades. Childhood obesity exhibits an increased cardiometabolic risk, is accompanied by obesity-related disorders that affect children's health and seems to result in longlasting sequelae such as adulthood obesity and diabetes in later life (Weber et al., 2014) . Therefore, from a public health perspective, childhood obesity is a major challenge. Meanwhile, the obesity epidemic is not explained easily by an obesogenic environment such as a sedentary lifestyle (Eisenmann, 2006) .
A modern, technology-based society has transformed rapidly and increased the pace of life, and has subsequently influenced sleep duration and patterns in children as well as in adults (Krueger and Friedman, 2009) . Adolescence is a time of transition from childhood to adulthood, and many physiological and psychological changes occur in this phase that may affect adolescents' lifestyle and health. Short sleep duration in children has been reported to have negative effects on physical and mental health and, moreover, it has often been used as an indicator of unhealthy lifestyle and poor health status (Owens et al., 2014) .
Although longer sleep duration may seem to promote obesity rather than shorter sleep duration because of its lower energy expenditure, in actuality the prevalence of obesity has increased at the same time as sleep duration has decreased (Bass and Turek, 2005; Ogden et al., 2012) . Recent evidence has started to reveal the potential association of sleep or sleep disorders with obesity and its severity and obesity-associated metabolic complications. Also, the role of obesity has been noted in the pathophysiology of sleep disorders (Hakim et al., 2015) . Specifically, evidence has supported the strong association between sleep duration and obesity globally. However, results from studies of children and adolescents have been somewhat conflicting according to age range or confounding variables, because both obesity and sleep duration may be affected by multivariable factors including alcohol intake and tobacco use (Calamaro et al., 2010; Paiva et al., 2016; Sun et al., 2009) . Moreover, information about a sex-specific association has been limited, and most previous studies have focused upon body mass index (BMI) or waist circumference (WC) as the indicators of obesity.
BMI and WC have been used generally as the most popular tools for evaluating obesity because of their simplicity and low cost. However, they might not correspond precisely to the actual degree of adiposity. Furthermore, direct assessment of adiposity or skeletal muscle mass might be a more valuable index of obesity in relation to adiposity and cardiometabolic changes, because an increase in adipose tissue is associated with negative health outcomes and preservation of lean mass is associated with positive health outcomes (Brion et al., 2007; Joseph et al., 2011; RomeroCorral et al., 2008) . Additionally, waist-to-height ratio (WHtR) has been suggested as a useful tool for predicting diabetes and cardiovascular disease (CVD) compared to BMI or WC (Browning et al., 2010; Savva et al., 2013) .
In this respect, the present study aimed to investigate the association of sleep duration with various parameters of obesity, including BMI, WC, WHtR, body fat percentage (BFP) and skeletal muscle mass, among South Korean adolescents based on the nationally representative data.
METHODS

Survey overview and study subjects
This population-based, cross-sectional study analysed the data of South Korean adolescents who participated in the Korea National Health and Nutrition Examination Surveys (KNHANES) between 2009 and 2010. The KNHANES, a nationwide, ongoing survey of non-institutionalized civilians, has been conducted by the Division of Chronic Disease Surveillance of the Korea Centers for Disease Control and Prevention (KCDC) and the Korean Ministry of Health and Welfare since 1998. The survey was designed to assess the national health and nutritional status and consists of health interview, nutritional assessment and health examination surveys. Each survey year includes a new sample of approximately 10 000 individuals aged 1 year and over. Participants were selected randomly from sampled household units using a stratified, multi-stage and probability-based sampling design based on the component ratio of population and the housing census from the 2005 National Census Registry in South Korea.
Of 19 491 participants sampled in KNHANES 2009-10, we excluded 17 998 individuals aged < 12 or > 18 years, 1273 who were not assessed by dual energy X-ray absorptiometry (DEXA) and 117 who had missing data. Data from 990 adolescents (512 boys and 478 girls) were then finally analysed. All study subjects were considered minors; therefore, their parents signed written informed consent forms. The institutional review board of the KCDC approved the study protocol. The data are available from the KCDC (http://knha nes.cdc.go.kr).
Anthropometry and body composition measurements
Trained staff members performed anthropometric and biochemical measurements. Height and body weight (BWt) were measured and BMI was calculated by dividing BWt (kg) by height (m) squared. WC was measured on a horizontal plane at the mid-point between the lowest border of the ribcage and the iliac crest with the subject in a standing position at the end of normal expiration. WHtR was calculated by dividing WC (cm) by height (cm).
In the survey year of 2009 and 2010, DEXA was performed among all the participants who were aged 10 years and over. Licensed, trained technicians measured body fat mass and lean mass by using whole-body DEXA (QDR 4500A fan-beam densitometer, Hologic Inc., Bedford, MA, USA), according to the manufacturer's acquisition procedures. The DEXA results were analysed using industry standard techniques at the Korean Society of Osteoporosis with Hologic Discovery Software (version 13.1). BFP was calculated as follows: total body fat mass/total body mass (total body fat mass + total body lean mass + total body mineral content) 9 100. Appendicular skeletal muscle mass (ASM) was defined as the sum of the lean soft tissue masses of both arms and legs, and ASM as a percentage of BWt [(ASM/BWt) 9 100] was referred to as skeletal muscle index (SMI) (Heymsfield et al., 1990) .
Lifestyle variables and nutritional assessment
Sleep duration was acquired from the following question on a self-reported questionnaire: 'How many hours do you sleep on average?'. Sleep duration was classified into five categories: ≤ 5, 6, 7, 8 and ≥ 9 h. We divided subjects into nonsmokers and current smokers according to smoking status based on the self-reported questionnaire. Subjects who had smoked cigarettes on at least 1 day during the month before the survey were defined as current smokers. Regarding ª 2017 European Sleep Research Society alcohol consumption, subjects who had had at least one alcoholic drink on at least 1 day during the month before the survey were defined as alcohol drinkers, and those who had not were defined as non-drinkers. Physical activity was assessed using the Korean version of the International Physical Activity Questionnaire (IPAQ) (Oh et al., 2007) . The IPAQ identified the frequency and duration of activity during the past week, and an average metabolic equivalent (MET) score was derived for each type of activity. Subjects were divided into three physical activity groups using this score: sedentary (< 600 MET week À1 ), minimally active (600-3000 MET week À1 ) and health-enhancing physical activity (>3000 MET week À1 ). Monthly household income level was divided into the lower 25th percentile of the total subjects or higher.
Nutrient intake including daily total calorie and fat intake was assessed with a 24-h dietary recall questionnaire administered by a trained dietician. The results were calculated using the food composition table developed by the National Rural Living Science Institute under the Rural Development Administration.
Statistical analyses
As mentioned above, because KNHANES data are obtained by a complex, stratified, multi-stage cluster sample design, the data should be analysed using proper weights. Therefore, all data are presented as weighted mean AE standard error of the mean (SEM) or weighted proportion (SE). A chi-square test for categorical variables or an independent t-test for continuous variables was performed to assess the differences in characteristics between boys and girls. Means of sleep duration were also compared according to obesity parameter quartiles using the analysis of covariance (ANCOVA) after adjustment for age, smoking status, alcohol consumption, physical activity and daily energy and fat intake. A hierarchical multivariable logistic regression analysis was used to evaluate the risk of having the highest quartile of BMI, WC, WHtR and BFP and the lowest quartile of SMI as every hour of sleep duration decreased. Odds ratios (OR) and 95% confidence intervals (CI) were calculated after adjusting for potential confounders. Model 1 was unadjusted and model 2 was adjusted for age. Age adjusted in model 2 plus smoking status, alcohol consumption, physical activity and daily total energy and fat intake were adjusted in model 3. Statistical analyses were performed using the SAS version 9.2 survey procedure (SAS Institute, Cary, NC, USA) to account for the complex sampling design. Two-sided P-values of < 0.05 were considered an indicator of statistical significance.
RESUL TS
Baseline characteristics of study subjects Baseline general characteristics of subjects according to sex are presented in Table 1 . While the means of height, BWt, WC and SMI in boys were significantly higher than those in girls, mean BFP in girls was higher than that in boys. Means of BMI and WHtR were not different between the two groups. Mean sleep duration, monthly household income level and daily total fat intake were also similar between boys and girls. The proportions of current smoker, alcohol drinker and health-enhancing physical activity in boys were higher compared to those in girls. Table 2 presents the means of sleep duration according to the quartiles of obesity parameters. In boys, the values tended to decrease significantly with higher quartiles of BMI, WC, WHtR and BFP in the unadjusted analysis (model 1) (P for trend < 0.001 for BMI, 0.001 for WC, < 0.001 for WHtR and 0.025 for BFP). The association for these obesity parameters in boys persisted in further adjusted analyses (models 2 and 3) (P for trend < 0.001 for BMI, 0.001 for WC, < 0.001 for WHtR and 0.023 for BFP in model 2; P for trend < 0.001 for BMI, < 0.001 for WC, < 0.001 for WHtR and 0.014 for BFP in model 3). Regarding SMI in boys, mean sleep duration showed a significant increasing trend as SMI quartiles increased in model 3 (P for trend = 0.013). However, in girls, the means of sleep duration were not associated significantly with obesity parameters regardless of adjustment.
Means of sleep duration according to obesity parameters quartiles
Proportions of obesity parameter quartiles according to sleep duration Figure 1 presents the proportions of obesity parameter quartiles according to sleep duration. In boys, proportions of the highest quartiles of BMI, WC and WHtR showed decreasing trends according to increased sleep duration and BFP showed a borderline inverse association with sleep duration (P for trend < 0.001 for BMI, 0.001 for WC, < 0.001 for WHtR and 0.059 for BFP). The proportion of the lowest quartile of SMI increased significantly with increased sleep duration (P for trend = 0.045). However, in girls, the proportions did not show significant associations with sleep duration regarding any obesity parameters.
Risk of the highest quartile (Q4) of BMI, WC, WHtR and BFP and the lowest quartile (Q1) of SMI in relation to sleep duration Table 3 shows the OR for the highest quartile (Q4) of BMI, WC, WHtR and BFP compared to the first, second and third quartiles (Q1-3) of these parameters and the lowest quartile (Q1) of SMI compared to the second, third and fourth quartiles (Q2-4), when every hour of sleep duration decreased. In boys, decreased sleep duration was associated significantly with the increased risk of Q4 of BMI, WC, 
DI SCUSSION
In the present study, we observed that mean sleep duration in boys was associated inversely with BMI, WC, WHtR and BFP and positively with SMI, respectively, after adjustment for confounding factors, including age, smoking status, alcohol consumption, physical activity and daily energy and fat intake. Proportions of the highest quartiles of BMI, WC, WHtR and BFP and the lowest quartile of SMI increased significantly with increased sleep duration only in boys. Also in boys, decreased sleep duration was associated significantly with the increased risk of the highest quartile of BMI, WC, WHtR and BFP and the lowest quartile of SMI, even after adjusting for confounding factors. However, in girls, there was no significant association between sleep duration and obesity parameters except WC. Previous studies have reported the association between sleep duration and obesity in childhood and have yielded conflicting results. A meta-analysis in 2008 found that decreased sleep duration is associated clearly with increased risk of childhood obesity (Chen et al., 2008) . A systematic review of seven longitudinal studies reported that decreased sleep duration is related positively to weight gain more consistently in children rather than adults (Magee and Hale, 2012) . Conversely, another systematic review including both cross-sectional and prospective studies of adolescents found that the relationship between decreased sleep duration and weight status is inconsistent, and concluded that it remains inconclusive as to whether or not decreased sleep duration affects weight status significantly (Guidolin and Gradisar, 2012) . A study of Chinese adolescents in 2015 reported that there was also substantial heterogeneity across studies concerning the shape of the associations between sleep duration and overweight/obesity with being shown the Ushaped associations in adolescents, and these discrepancies in results between studies might be driven by study locations, study design, different age of the sample, varied exposure categories and different confounders adjusted (Wu et al., 2015) . A more recent review revealed that sleep characteristics are associated most strongly with obesity from cardiovascular risk factors, and more positive associations were observed in studies including adolescents (Matthews and Pantesco, 2016) . Results of the present study partly support the previous findings from the perspective that there may be an association between sleep duration and obesity in adolescents. Additionally, a previous Korean study analysing the same database was aimed to determine the relationship between sleep duration, overweight and metabolic syndrome in Korean adolescents and found that decreased sleep duration is associated with overweight (Lee and Park, 2014) . However, the previous study assessed for overall adolescents without sex-specific analysis, and used only BMI and Table 3 Odds ratio (OR), 95% confidence interval (CI) of the highest quartile (Q4) of BMI, WC, WHtR and BFP and the lowest quartile (Q1) of SMI according to sleep duration BMI (Q4 versus Q1-3) WC (Q4 versus Q1-3) WHtR (Q4 versus Q1-3) BFP (Q4 versus Q1-3) SMI (Q1 versus Q2-4) WC as obesity parameters. Moreover, it did not consider variables such as alcohol intake and tobacco use being possibly related to sleep duration, as aforementioned. It is meaningful that the present study has focused more upon the parameters of obesity in each sex group while considering additional confounders such as smoking status and alcohol intake. Possible mechanisms have been postulated to explain the link between short sleep duration and obesity. Sleep deprivation may change the levels of several hormones. Studies of adults have confirmed that sleep curtailment was associated with suppressed leptin levels and elevated ghrelin levels corresponding to increased hunger and appetite. These changes may contribute to energy imbalance and the development of overweight and obesity by resulting in the selection of calorie-dense food, excessive food intake and changes in energy expenditure (Omisade et al., 2010; Schmid et al., 2008) . Sleep deprivation may also affect the basal metabolic rate and thermoregulation. The thermic effect of food and non-exercise activity thermogenesis decreases the available energy expenditure and is related to increased food intake (Rechtschaffen and Bergmann, 1995) . Children with short sleep duration may be at a low activity level because of fatigue and daytime sleepiness (Yoong et al., 2016) . Being awake longer gives one more opportunity to eat. Moreover, sleep restriction may affect the quality of food selected; it is associated with increased caloric intake from snacks prior to bedtime or fat intake (Nedeltcheva et al., 2009; Weiss et al., 2010) . Both decreased energy expenditure and increased caloric intake related to short sleep duration seem to contribute to obesity. Media use may shorten sleep duration, leading to increased hunger and caloric intake and decreased energy expenditure, although, by itself, it is related to a sedentary lifestyle (Hale and Guan, 2015) . Average time for watching television has been reported to exceed 3 h day À1 among Korean school-aged children, which is higher than the recommended screen time (Ham et al., 2013) . Psychosocial problems may concurrently underlie both short sleep duration and obesity among the childhood population. Suffering from parental neglect appears to have a higher risk of obesity than harmonious ways of parental care, and such life conditions may also lead to chronic sleep deprivation (Lissau and Sørensen, 1994) . Conversely, obesity may exacerbate diseases such as sleep apnea, which may decrease sleep duration. As such, there may be possible bidirectional causal effects in these associations (Vgontzas et al., 2010) . Notably, this study evaluated the association of sleep duration with various parameters of obesity, including WHtR, BFP and SMI beyond BMI or WC. The former three have been suggested as indicators reflecting cardiovascular risk better the latter, as mentioned previously. Epidemiological evidence in adulthood has already suggested that sleep patterns are associated with CVD morbidity and mortality, and healthy adults with varying sleep duration were observed to have acute changes in CVD risk factors (Cappuccio et al., 2010 (Cappuccio et al., , 2011 Mullington et al., 2009) . In recognizing that CVD develops early, recent efforts have been extended to explore the association in children and adolescents. The aforementioned recent review reported that sleep characteristics may be associated more positively with CVD risk markers such as glucose, insulin and blood pressure as well as obesity in studies that included adolescents (Matthews and Pantesco, 2016) . Short sleep duration as a stressor seems to induce chronic metabolic disease by promoting oxidative stress and systematic inflammation (Gishti et al., 2015) . Meanwhile, somewhat differently, the previous review reported null or weak associations for metabolic syndrome, and the aforementioned previous Korean study did not find an association of sleep duration with central obesity or metabolic syndrome. Moreover, almost all the evidence, including this study, was deduced cross-sectionally; therefore, further study is warranted to clarify the association. Interestingly, our study showed an apparent sex difference in the finding that only boys had an inverse association between sleep duration and obesity parameters. Although most of the related studies did not report a sex difference and there have been inconsistencies in the findings, only a few previous studies have shown a similar sex difference in the association. A study using data from the US National Longitudinal Study of Adolescent Health reported that every 1-h increase in sleep duration was associated with a 10% decreased risk of overweight in boys, but not in girls (Knutson, 2005) . Also, another study of Australian children indicated that sleep duration is associated inversely with overweight or obesity in boys, but showed no effect in girls . In particular, a previously mentioned meta-analysis showed a significant sex difference in the association between sleep duration and obesity (Chen et al., 2008) . The reasons for the sex difference shown in this study remain unclear; girls may be more resilient to environmental stressors than boys and need greater sleep deprivation to be affected (Wells, 2000) . The requirement for daily sleep duration may also differ between boys and girls because of their different hormone levels (Nugent et al., 2014) . The alterations in body composition in puberty depend upon the hormonal regulation including gonadotrophins, leptin, sex-steroids and growth hormone. Testosterone and insulin-like growth factor 1, which lead to an increase in muscle mass, increased in males (Rogol et al., 2002) . Also, leptin levels in boys are lower than in girls and decreased in puberty earlier than in girls (Taheri et al., 2004) . These physiological hormonal changes could possibly explain the sex difference in this study. From the sex difference found in the present study, sex may be considered as a specific characteristic for the effect of short sleep on obesity.
The present study has some limitations. First, its crosssectional design cannot explain the causal relationship between sleep duration and obesity. Secondly, like the majority of previous studies, our study depended upon subjective estimates of sleep duration. Thirdly, sleep ª 2017 European Sleep Research Society characteristics other than sleep duration, such as specific sleep patterns, continuity and quality of sleep and variability of sleep schedules, were not considered because of lack of data. Despite these limitations, this study analysed the nationally representative data and may contribute epidemiological evidence related to the issue. This study investigated a sex-specific association of sleep duration with various parameters of obesity related closely to CVD risk.
In conclusion, sleep duration in boys was associated inversely with BMI, WC, WHtR and BFP and positively with SMI, even after adjusting for confounding factors. However, in girls, there was no significant association between sleep duration and obesity parameters except WC. Periodic assessment of sleep duration in relation to body fat or muscle mass in male adolescents may be considered, especially in those who are at risk for obesity or related disorders.
